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1.
Introduction
At the previous RAN2 meeting, several documents were introduced proposing to hardcode the payload sizes for the purpose of HSDPA (see [1]). All of the proposals had the following characteristics:

· Derive the TB size from a formula (no need for large amounts of storage);

· Aimed at limiting worst case padding (assumes arbitrary sizes for MAC-d PDUs);

· Large number of TB sizes (800 different ones);

· Poor overlap across numbers of codes and modulation (about half of the TB sizes were only used with one modulation and number of code pair)

The general consensus was to use a fixed set of TB values instead of signaling it every time a mobile is configured with a HS-DSCH, and to use formula rather than a table to derive the TB sizes in order to limit the amount of storage required. However, the group was not able to reach an agreement as to the code-rates that should be included, the increments that should be included and the amount of overlap across modulations and codes that should be supported. A liaison was sent to RAN1 to get some feedback on this issue.

RAN1 came up with a set of requirements outlined below:

· Introduce a set of TB sizes with significant overlap across formats (codes and modulation)

· Limit need for padding as much as possible

· Allow for full range of coding rate values

Later on, Ericsson sent out on the RAN WG1 reflector a new proposal with an example of a TB size set that would satisfied these criteria (see [2]). In this document we review the reasons behind the need for overlapping the TB sizes across different modulations and numbers of codes. We then go over the last Ericsson proposal and identify some elements that could be improved. Finally, we provide some background on the current L2 PDU formats and propose a new method for generating the TB size set that takes advantage of these formats.

2.
Why we need payload overlap

2.1
First transmission vs re-transmissions

During the initial transmission, it is expected that the payload size will be selected so that the transmission has a high likelihood of being decoded correctly at the receiver. Therefore, it is expected that the TB size and IR version selected will be such that the transmission is self-decodable using a coding rate commensurate with the number of available codes and the amount of available power. The coding rate is expected to range between 4/5ths  and 1/4 for QPSK and 3/4ths and 1/3rd for 16QAM. 

In subsequent transmissions, the payload size needs to be the same as during the first transmission so that they may be soft combined. 

2.2 Need for change in frame format

Given the amount of time between transmissions, the channel conditions for the user and the amount of available resources are liable to have changed. This will have an impact on the format that is used. The channel conditions change due to the fading process on the UE radio links. The available power depends on the amount of power used by R’99 channel users while the number of available codes depends on what R’99 connections are set up.

The choice of modulation is mostly linked to the available power per code and the channel conditions. Indeed, the de-mapping losses when using 16QAM with incremental redundancy can be very high as the received energy per symbol decreases. The number of codes on the other hand is mostly linked to what is available after the R’99 channels have been taken into account. This number will probably not change as fast, but changes may indeed occur between two transmissions.

Therefore, if the same TB size is not available for different numbers of codes and/or modulation, it is likely that a given payload may take a very large number of re-transmission to complete or may have to be dropped altogether.

3. Ericsson Proposal

3.1


Proposal

The document sent by Ericsson on the reflector proposes to distribute the Transport Block sizes evenly in the log domain, in order to distribute padding evenly. This method has the advantage of producing a TB size set that minimizes the worse case padding when arbitrary MAC-hs SDU sizes are considered. 

In the proposed method, the number of TB sizes is first selected. Then the increment factor p is determined based on the minimum and maximum payload sizes that are expected to be used (Lmin and Lmax corresponding respectively to the minimum coding rate with one code and the maximum coding rate with 15 codes): 
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This number corresponds essentially to the worse case padding. In the case where 256 different TB sizes are assumed (corresponds to 8bits), this value is equal to 1.8%.

The actual TB size can then be computed from the TB index I signalled on the HS-SCCH by applying:
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A scheme was also introduced that would allow to use a subset of the entire TB size set for each number of codes in order to reduce the amount of signalling required. No specific values were provided however.

In the example given, the formula for determining the TB size at the mobile was:
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3.2


Problems

The main concerns with this proposal are:

· implementation complexity of the proposed formula in the mobile
· it does not make use of the knowledge of the Layer 2 formats in order to reduce padding further.
· requires the extension of the TB field on the control channel to achieve the performance described.
4.
Layer 2 Background

4.1


RLC functions and properties

In R’99 the signaling allows to configure RLC PDU sizes with any value from 0 to 4992 in units of bits, although for AM and UM the RLC PDU size has to be a multiple of 8 bits.

In AM and UM, which are the two modes used in conjunction with HS-DSCH, RLC performs segmentation and concatenation. Therefore, the only constraint on the RLC PDU size is the approximate size of higher layer SDUs, which should be taken into account in order to limit the amount of padding that is introduced. This constraint should only impact the order of magnitude of the RLC PDU size rather than its exact value. Therefore, as is now the case for R’99 channels, the RLC PDU size should be selected based on physical layer constraints.

There is a claim that the possibility to perform channel type switching imposes that the RLC PDU size should also be selected based on the constraints from R’99 channels. We consider that given the difference in capabilities between HSDPA and R’99 channels, there should be a RB re-configuration when the mobile moves in and out of HSDPA and therefore do not consider this to be a valid point.

4.2


MAC-d PDU formats

The MAC-d is retained in Rel-5 as it is in R’99. When logical channel multiplexing onto the same transport channel is used, the MAC-d adds a 4 bit header to every RLC PDU, otherwise it does not add any overhead. Therefore, the MAC-d PDU size when configured below AM and UM RLC entities is of the form:

· With MAC-d multiplexing: k * 8 bits + 4 bits

· Without MAC-d multiplexing: k * 8 bits

4.3


HS-PDSCH payload formats

The MAC-hs concatenates together a number of MAC-d PDUs and then adds in front of them a MAC-hs header. This header has variable length depending on the number of different PDU sizes, which are concatenated together. The base MAC-hs header is made up of 21 bits and every extension requires an extra 11 bits. To the MAC-hs PDU, the physical layer appends a 24 bit CRC.

Therefore, the HS-PDSCH payload is always of the form:

· With MAC-d multiplexing: 24 + 21 + m * 11 + n * k * 8bits

· Without MAC-d multiplexing: 24 + 21 + m * 11 + n * (k * 8bits + 4bits)

Therefore, if the payloads are selected appropriately in the form: 24 + 21 + m * 11 + p * 8bits and the RLC PDU size selected in conjunction with the RLC PDU size, it is possible to not have any padding at all when MAC-d multiplexing is not performed and a PDU size that requires at most 4 bits per RLC PDU.

5.
Proposal

It is proposed to conceive of a set of TB sizes with following properties:

· Easy to generate at the UE (either small enough for a table <64 or  obtained through simple integer calculation).

· Take advantage of the properties of MAC-hs SDUs and the MAC-hs header in order to reduce the amount of padding introduced.

· Allow for coding rates down to ¼ for 1 code (TB size of ) and up to ¾ for 15 codes (TB size of ).

· Have high overlap between different numbers of codes, ideally a single TB size set for all numbers of codes and modulations.

5.1


Algorithm for generation of TB sizes

For each number of codes and modulation, we define the set of TB sizes, which could be used for initial transmissions as:

Tbsize = 24 + M + L * 2k+n bits
Where:

· 24 is the size of the CRC introduced by the physical layer.

· M is the maximum size of the MAC-hs header that the network is planning on using. 

· kQPSK = floor(log2(NbCodes)) and k16QAM = 2 *  floor(log2(NbCodes))
· n is selected based on the number of different payload sizes that we want to obtain
· L takes any integer value that gives a coding rate within the specified limits: 

[Rmin * 16 / 2560 * 3 * mod_order * NbCodes – (24 + M)] / 2k+n  ≤ L

and L ≤ [Rmax * 16 / 2560 * 3 * mod_order * NbCodes – (24 + M)] / 2k+n
The entire set of TB sizes is the superset of the TB sizes determined for each set of codes and modulation (see [3]).

The result is a limited number of increment values between TB size, which makes it very simple to store and reproduce in the mobile. The number of TB sizes is small enough that it is not necessary to make the signaling dependent on the number of codes or modulation in order to be limit the size to 6 bits.

Based on this design, if the MAC-hs PDU size is a power of two then the amount of padding is zero for as long as the increment is smaller than the MAC-hs PDU size and limited beyond that. However, the MAC-hs PDU can only be a power of two when MAC-d multiplexing is not applied. In the case where MAC-d multiplexing is applied, this method would incur padding of an extra 4 bits per MAC-d PDU.

Example 1

The first case we will consider corresponds to the following values for the parameters defined above:

· M = 21

· n = 6

This means that the payload sizes are of the form:

24 + 21 + 64 * L * 2k  bits = 45 + 64 * L * 2k  bits.

Based on the method described above, the increments for each number of codes and modulation is outlined below:

	Mod
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	QPSK
	64
	128
	128
	256
	256
	256
	256
	512
	512
	512
	512
	512
	512
	512
	512

	16QAM
	128
	256
	256
	512
	512
	512
	512
	1024
	1024
	1024
	1024
	1024
	1024
	1024
	1024


Based on these values, the total number of payload sizes is equal to 55 (see [3]). Therefore, using the 6 bits of signaling it would be possible to signal all the possible payload sizes independently of either the number of codes or the modulation.

The resulting padding depends on the number of codes and on the multiplexing option. For simplicity we will assume that there is only one RLC PDU size per transmission. Using multiple PDU sizes would require selecting the value M to match the worse case and would therefore result in additional padding when this multiplexing option is not used. However, since this overhead is independent of the number of PDUs, its contribution becomes negligible as soon as the TB size increases. On the other hand, when MAC-d multiplexing is applied, there are four bits of padding incurred per RLC PDU. Therefore, the fraction of overhead is constant independently of the TB size and needs to be taken into account. 

	MAC-d Payload
	No MAC-d MUX (only MAC-hs padding)
	With MAC-d MUX (only MAC-hs padding)
	Just AM RLC Header

	
	RLC Payload
	Worse case/ Ave Padding
	RLC Payload
	Padding
	

	64
	64 bits
	8.0%/2.9%
	56 bits
	15.1%/10.0%
	25%

	128
	128 bits
	7.3%/1.5%
	120 bits
	10.6%/4.8%
	12.5%

	256
	256 bits
	6.3%/1.2%
	248 bits
	7.9%/2.8%
	6.25%

	512
	512 bits
	4.3%/0.54%
	504 bits
	5.1%/1.34
	3.125%

	1024
	1024 bits
	0%/0%
	1016 bits
	0.39%/0.39%
	1.56%


It can be observed that the padding associated with the payload sizes is small compared to the overhead introduced by RLC. Also, given that HSDPA is expected to be used for high data-rate applications, it is very unlikely that a payload size of less than 256 bits will ever be used. In that case, when no MAC-d multiplexing is done the average padding is 1.5%, which is in the order of what was claimed in [4].

For arbitrary MAC-d payload sizes, the comparison between this scheme and a straight-out logarithmic sampling is as follows:

	
	Proposed Algorithm with 55 entries (could be extended to 64)
	Pure logarithmic sampling with 64 TB sizes

	Worse case
	36%
	7.7%

	Average
	4.4%
	3.85%


As can be seen from the entries above, even when using arbitrary RLC PDU sizes, the average padding rate is fairly close to what would be obtained using a purely logarithmic quantization scheme.

The resulting set of payloads can be stored by the mobile in the following form:

	Base, Increment
	Nb for 1st increment
	Nb for 2nd increment
	Nb for 3rd increment
	Nb for 4th increment

	173, 64
	11
	11
	12
	12

	Cummulative (optional)
	11
	22
	34
	46


Note that it is not necessary to provide the number of values included based on the last increment. This is the solution that we would recommend based on the trade-off between complexity and overhead. It only requires 6 bits of signaling and therefore does not require to have different TB size sets for different numbers of codes.

Example 2

This is an alternative in the case where the padding overhead associated with the first solution is deemed too high. It is in essence very close to the first proposal except a smaller increment is used as the base payload increment. The corresponding configuration parameters are:

· M = 21

· n = 5

This means that the payload sizes are of the form:

24 + 21 + 32 * L * 2k  bits = 45 + 32 * L * 2k  bits.

Based on the method described above, the increments for each number of codes is outlined below:

	Mod
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	QPSK
	32
	64
	64
	128
	128
	128
	128
	256
	256
	256
	256
	256
	256
	256
	256

	16QAM
	64
	128
	128
	256
	256
	256
	256
	512
	512
	512
	512
	512
	512
	512
	512


Based on these values, the total number of payload sizes is equal to 110 (see [3]). Therefore, 7 bits of signaling would be required to indicate the value independently of the number of codes and the modulation. In order to reduce the number of bits required, it would be necessary to make the set of payloads available a function of the number of codes. However, we would regard this as an unnecessary complication considering how small the additional overhead would be.

Again, we will make the same assumptions as before to determine what the resulting padding would be:

	MAC-d Payload
	No MAC-d MUX (only MAC-hs padding)
	With MAC-d MUX (only MAC-hs padding)
	Just AM RLC Header

	
	RLC Payload
	Worse case/ Ave Padding
	RLC Payload
	Padding
	

	64
	64 bits
	3.8%/1.0%
	56 bits
	10.9%/8.1%
	25%

	128
	128 bits
	3.2%/0.63%
	120 bits
	6.5%/4.0%
	12.5%

	256
	256 bits
	2.2%/0.28%
	248 bits
	3.8%/1.88%
	6.25%

	512
	512 bits
	0%/0%
	504 bits
	0.8%/0.8%
	3.125%

	1024
	1024 bits
	0%/0%
	1016 bits
	0.39%/0.39%
	1.56%


For RLC PDU size of 512 bits, there is no padding required at all when no MAC-d multiplexing is performed. For any of the proposed RLC PDU sizes, the padding level is less than what is represented by the AM RLC header overhead.

For arbitrary MAC-d payload sizes, the comparison between this scheme and a straight-out logarithmic sampling is as follows:

	
	Proposed Algorithm with 110 entries (could be extended to 128)
	Pure logarithmic sampling with 128 TB sizes

	Worse case
	18%
	3.6%

	Average
	2.2%
	1.8%


The entire set of payloads can be generated at the mobile based on the following information:

	Base, Increment
	Nb for 1st increment
	Nb for 2nd increment
	Nb for 3rd increment
	Nb for 4th increment

	172, 32
	9
	25
	23
	24

	Cummulative (optional)
	19
	44
	67
	91


In this example, we are illustrating how the design method can be extended to larger TB size sets and the corresponding performance benefits. With these numbers, it would take 7bits to make the signalling completely independent from the number of codes and modulation. If such a scheme were to be used it would be necessary to either extend the number of bits or making the set of TB sizes supported dependent on the number of codes used for the transmission. It would have to be assumed that the number of codes does not vary significantly between the initial transmission and subsequent re-transmissions.

5.2 Algorithm for deriving the TB size

The mobile would be configured with the following:

· base TB size;

· minimum increment value;

· table indicating how many TBs derived with the same algorithm should be used (as described above);

· beginning index for each number of codes;

This is a very small amount of information and it is recommended that at least some of the parameters (e.g. the base TB size which is dependent on the maximum MAC-hs header size) be configured by the network.

Below we provide an example of how the mobile would determine the TB size in the case of Example 1. Even though it is not needed in that case, we are introducing the concept of beginning index in order to illustrate how it works. Let i be the TB size index received in the control channel during the transmission and let k be the beginning index corresponding to the number of codes that was used:

· i = i + k;

· if (i<11)
        TBsize = i * 64

· else if (i<22)
        TBsize = k1 + (i - 10) * 128

· else if (i<34)
        TBsize = k2 + (i - 21) * 256

· else if (i<46)
        TBsize = k3 + (i - 33) * 512

· else
        TBsize = k4 + (i - 44) * 1024

· TBsize = TBsize + 301

· end

Where we can pre-compute: 

· k1 = 10 * 64

· k2 = k1 + 11 * 128

· k3 = k2 + 12 * 256

· k4 = k3 + 12 * 512

Note that since all the multiplications are powers of 2, they can be very efficiently implemented.

6.
Conclusion

This document proposes an alternative method to the straightforward logarithmic quantization for generating the TB size set. This method provides both better performance in terms of padding when the RLC PDU size is selected appropriately and easier implementation than logarithmic quantization. Note that the RLC PDU selection is only constraining for networks that are planning on using the same radio bearer configuration for both R’99 and Rel-5 channels, which is regarded as unlikely given the hit incurred in terms of RLC overhead.

It is therefore proposed to adopt the set of TB sizes proposed in example 1. This may be refined slightly by expanding it to use the full 6bit range for the TB size indication. The corresponding set of TB size set achieves a very respectable average padding rate for any multiplexing circumstance and provides full flexibility for selecting the transmission format during re-transmissions without requiring additional bits of signalling.
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